Evaluation of a Stretching Program to Increase Worker Flexibility
by Kris Smith, OTR-L S tretching has long been advocated by physical and occupational therapists as a way to improve flexibility and decrease risk of injury to shoulders, back, hips, and knees (Fradkin, Zazryn, & Smoliga, 2010) . Tight muscles have been linked to back pain and shoulder injury by affecting the viscoelastic changes in the muscle-tendon unit (da Costa & Vieira, 2008) . As individuals age, their flexibility decreases unless efforts are made to maintain or improve flexibility; they are also more susceptible to other health problems, such as diabetes, heart disease, stroke, colon and breast cancer, hypertension, depression, and metabolic syndrome associated with aging and lack of activity (Pronk & Kottke, 2009 ). In the workplace, workers age but continue to work in jobs that put them at risk for injury. Occupational health nurses and therapists may introduce stretching routines to work-ers, but sustaining a stretching program can be challenging if workers do not perceive a benefit from their time and effort.
This article describes the evaluation of a stretching program intended to increase worker flexibility. The program was not a research study, so many variables usually identified in a research study were not available in this program evaluation. Nonetheless, this article demonstrates the value of collecting and analyzing data in programs that occupational health nurses develop and implement. Evaluation is part of the nursing process.
SUSTAINED STRETCHING PROGRAM
In 2008, the occupational therapist and nurse practitioner in a large manufacturing company noticed a trend of work-related musculoskeletal injuries that may have been avoided had the workers been more flexible. After discussing the situation, they made a recommendation to the company's ergonomist that employees in certain work groups could benefit from stretching. However, the nurse practitioner and therapist encountered skepticism about the likelihood of long-term success. The company had tried stretching programs before; they worked for a while, but sustained interest waned. A recommendation was made to measure flexibility baseline and quarterly so employees would have regular feedback about their progress. Workers would know that they would be measured again, an incentive for them to continue the program. In addition, limited funding was made available to provide two movie tickets for each employee after the third quarterly measurement, providing further incentive for employees to continue the program.
In 2009, three work groups were identified as most at risk for musculoskeletal injuries from awkward body positions, sustained or repetitive motion, and effects of aging. Following favorable feedback from the workers, and improvements in flexibility, the program was expanded in 2010. By 2011, most of the production employees were participating in the stretching program. By the end of 2012, 1,593 measurements had been made on 811 employees. In early 2013, data were analyzed to determine if injury rates had changed among the stretchers and non-stretchers and if workers participating in the stretching program had increased their flexibility.
The occupational therapist designed the stretching program based on the needs of the work force and the work they were doing. Five measurements were done: neck flexion and neck extension for cervical flexibility (measured in degrees); shoulder flexibility for rotator cuff impairment
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(ability to touch the lower part of the scapulae with the hand, measured as yes/no); finger flexibility for carpal tunnel syndrome and tendinitis (ability to touch the top of the palm with the fingertips of the same hand, measured as yes/no); and hamstring flexi-bility for low back and lower extremity flexibility (ability to touch the floor with straight legs, measured in inches from the floor). The therapist prepared handouts for each worker and stretching posters for each work group that provided an overview and rationale for stretching at work and at home and encouraged integrated stretching throughout the workday. The actual stretches were then demonstrated to the work groups. One individual in the group volunteered to be the stretch leader and another was designated co-stretch leader as an alternate. In addition to measuring flexibility, the therapist distributed questionnaires to employees to solicit feedback about their satisfaction with the stretching program and quality of life.
Group stretching was initiated for 6 to 10 minutes at the beginning of each shift. Participation in the stretching program was not mandated; however, employees were expected to be present during the stretching routine because the group also discussed work-related issues and workers were "on the clock." The therapist and nurse practitioner made periodic visits to the stretching groups to ensure stretching was done correctly and to answer questions from the group. The stretch leader was instructed to notify the therapist of any questions or concerns.
Every attempt was made to conduct quarterly measurements. However, schedule conflicts sometimes did not permit exact timing. Additionally, workers changed work groups fairly frequently, so their measurement cycles were disrupted. The gap between measures was at times only 2 months and sometimes more than 5 months. As an incentive for employees to continue participating in the program, they received written results of their flexibility measures. After three measurements, they also received two movie tickets.
PROGRAM EVALUATION
In addition to gathering flexibility measurements, injury data were gathered for 2010 and 2011 to determine if employee injuries were impacted by the stretching program. Two board-certified occupational health nurse specialists (COHN-S) separately reviewed a sample of the injuries for this assessment, and then For shoulder and hand flexibility, employees were given 1 point each if they were able to do the maneuver and 0 points if they were not able to do it. l For neck flexion and neck extension, 90° was considered full (100%) extension or flexion.
• Any number less than 90° was calculated as a percentage of the whole.
• If neck flexibility was only 45°, that worker's neck flexibility score was 0.5 (50%).
• Maximum neck flexion and extension garnered 2 points. l Hamstring flexibility was normalized using 36 as the maximum, and measured inches from the floor was subtracted from 36; that number was then divided by 36 to obtain a percentage of the maximum.
• An employee who was able to reach the floor received 1 point; an employee who reached down to 2 inches from the floor received 0.94 point [(36-2)/36].
The maximum total flexibility score, therefore, was 5 points.
RESULTS
A total of 892 employees were included in the program evaluation. Among employees who participated in the stretching program (n = 530), 85% of those who responded to the questionnaire said that they found the stretching program valuable. Many respondents included comments indicating how appreciative they were for the opportunity to start their day on a positive note, or how they felt better because they stretched every day.
The relative risk for injury among those not in the stretching program was 5.05 (Table 2 ). This evaluation showed that those not in 
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the stretching program were five times more likely to have a musculoskeletal injury compared to those in the stretching program. Changes in flexibility were evaluated using a t test with matched pairs (p < .05). Data from the 56 employees who completed at least four measurements were used to evaluate flexibility over time. Significant improvements in total flexibility were seen from Test 1 to Test 2, from Test 2 to Test 3, and from Test 1 to Test 4; however, the change from Test 3 to Test 4 was not significant (Table 3) . For neck flexion and neck extension, significant improvements were seen from Test 1 to Test 2 and from Test 1 to Test 4, but not elsewhere . Hand flexibility showed no significant improvement from one measure to the next; however, from Test 1 to Test 4, significant improvement occurred (Table 6 ). Shoulder flexibility significantly improved from Test 1 to Test 2 and from Test 1 to Test 4 ( Table 7) . Hamstring flexibility showed no significant improvement from one test to the next; however, a significant improvement from Test 1 to Test 4 was seen (Table  8) .
DISCUSSION
Significant improvement in flexibility resulted from long-term stretching. Although the program was designed to measure flexibility on a quarterly basis, schedule constraints made precise 3-month intervals between measurements difficult. Between the first measurement and the second measurement, a mean 111 days elapsed, and between the second and third test, a mean 131 days elapsed (Table 9 ). No significant difference was found between those two elapsed time frames. Between the third and fourth measurements, however, the mean lapsed time was 207 days. The difference between the lapsed time of the second and third measurements and the third and fourth measurements was significant (p = .0000). Additionally, as employees changed departments, they may have participated in a group that was on a different measurement schedule. Although everyone in a given group participated in the measurements, no effort was made to verify the regularity or effort of individuals' stretching practices. Lack of employee demographic data (e.g., age, gender) places further limitations on the interpretation of these results.
Because employees in the stretching program were five times less likely to have a musculoskeletal injury at work compared to those not in the stretching program, the benefits of stretching were supported in this program. If slight improvements in flexibility do not account for the positive outcomes, then perhaps the 6-to 10-minute stretching routine focused employees on safety at the beginning of each shift.
The stretching program will continue. Management has been encouraged to support the quarterly measurements and daily stretching. The nurses continue to ask employees who report a work-related musculoskeletal injury whether they stretch. Additional evaluations of existing data will determine whether those in the stretching program have less severe musculoskeletal injuries when they do report an injury.
